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In the title compound, [Li(CH 3 CN) 4 ]PF 6 -CH 3 CN, the asym- 
metric unit consists of three independent tetrahedral 
[Li(CH 3 CN) 4 ] + cations, three uncoordinated PF 6 ~ anions 
and three uncoordinated CH 3 CN solvent molecules. The 
three anions are disordered over two sites through a rotation 
along one of the F— P— F axes. The relative occupancies of the 
two sites for the F atoms are 0.643 (16):0.357 (16), 0.677 (10): 
0.323 (10) and 0.723 (13):0.277 (13). The crystal used was a 
racemic twin, with approximately equal twin components. 

Related literature 

For solvates structures with the PF 6 _ anion, see: Zavalij et at 
(2004); Armstrong et at (1998); Black et at (1995). For solvate 
structures of CH 3 CN with lithium salts, see: Seo et at 
(2011fl,fe); Klapotke et at (2006); Brooks et at (2002); Yokota 
et at (1999); Raston et at (1989). 
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Experimental 

Crystal data 

[Li(C 2 H 3 N)4]PF 6 -C 2 H 3 N 
M, = 357.18 
Orthorhombic, Z'2,2, 2, 
a = 8.6064 (3) A 
b = 21.9864 (8) A 
c = 27.8721 (10) A 

Data collection 

Bruker-Nonius Kappa Axis X8 
APEXII diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
Tan = 0.870, T max = 0.944 

Refinement 

R[F 2 > 2a(F 2 )} = 0.054 
wR(F 2 ) = 0.157 
S = 1.03 

17572 reflections 
749 parameters 

H-atom parameters constrained 



V = 5274.1 (3) A 3 
Z= 12 

Mo Ka radiation 
li = 0.22 mm -1 
T = 110 K 

0.67 x 0.40 x 0.27 mm 



128974 measured reflections 
17572 independent reflections 
13189 reflections with / > 2a(T) 
R,„. = 0.060 



Ap max = 0.46 e A - 

Ap mi „ = -0.31 e A~ 3 

Absolute structure: Flack (1983), 

7916 Friedel pairs 
Flack parameter: 0.45 (7) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL (Sheldrick, 2008); molecular graphics: ORTEP- 
3 (Farrugia, 1997); software used to prepare material for publication: 
cif2tables.py (Boyle, 2008). 

The authors wish to thank the Department of Chemistry of 
North Carolina State University and the State of North 
Carolina for funding the purchase of the APEXII diffract- 
ometer. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2439). 
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TetraWs(acetonitrile-/dV)lithium hexafluoridophosphate acetonitrile monosolvate 
D. M. Seo, P. D. Boyle and W. A. Henderson 

Comment 

LiPF6 is the most widely used lithium salt for electrolytes in commercial Li-ion batteries. Little information is available 
regarding the interactions of the ions and solvent molecules within electrolytes. Crystal structures, however, provide useful 
models for these interactions. The structure of [Li(CH3CN)4]PFg CH3CN is therefore reported here as part of an extensive 
study exploring solvate structures present in nitrile mixtures with lithium salts. 

Experimental 

LiPFg (99.99%) was purchased from Sigma-Aldrich and used as-received. Anhydrous acetonitrile (Sigma Aldrich, 99.8%) 
was used as-received. In a Vacuum Atmospheres inert atmosphere (N2) glove box (< 5 p. p.m. H2O), LiPFg (0.2 mmol) and 
acetonitrile (2 mmol) were sealed in a vial and heated on a hot plate to form a homogeneous solution. Upon standing at 
ambient temperature, colorless plate single crystals suitable for analysis formed. 

Refinement 

The structure was solved by direct methods using the XS program. All non-hydrogen atoms were obtained from the initial 
solution. The hydrogen atoms were introduced at idealized positions and were allowed to ride on the parent atom. The PF6 
counterions exhibited an orientational disorder over two sites among the four equatorial fluorine atoms. The occupancies for 

the primary orientation were 0.643 (16), 0.677 (10), and 0.723 (13) for the three anionic sites, respectively. The structural 

2 

model was fit to the data using full matrix least-squares based on F . The calculated structure factors included corrections 
for anomalous dispersion from the usual tabulation. The structure was refined using the XL program from SHELXTL and 
graphic plots were produced using the ORTEP-3 crystallographic program suite. 

Figures 



Fig. 1. Molecular structure of the title compound. The thermal ellipsoids are shown at a 50% 
probability level. 
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Fig. 2. Packing diagram for the title compound (Li-purple; P-gold; F-green; N-blue). 



Tetrakis(acetonitrile-KiV)lithium hexafluorophosphate acetonitrile monosolvate 



Crystal data 
[Li(C 2 H 3 N)4]PF 6 -C2H 3 N 
M r = 357.18 
Orthorhombic, P2i2i2i 
Hall symbol: P 2ac 2ab 
a = 8.6064 (3) A 
6 = 21.9864 (8) A 
c = 27.8721 (10) A 

V= 5274.1 (3) A 3 
Z= 12 



J F(000) = 2184 

D x = 1.349 MgnT 3 

Mo i&x radiation, X = 0.71073 A 

Cell parameters from 9760 reflections 

6 = 2.9-25.3° 

\i = 0.22 mm 1 
T= 110 K 
Prism, colourless 
0.67 x 0.40 x 0.27 mm 



Data collection 



Bruker-Nonius Kappa Axis X8 APEXII 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co and cp scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.870, 7 max = 0.944 
128974 measured reflections 



17572 independent reflections 

13189 reflections with/> 2a(I) 
R int = 0.060 

©max = 3 1 .6°, 0 m i n = 2.0° 

h = -12^12 

/t = -32->32 
/ = -40^40 



Refinement 

Refinement on F 2 Secondary atom site location: difference Fourier map 

n ,, Hydrogen site location: inferred from neighbouring 

Least-squares matrix: tull . 

sites 

R[F 2 > 2a(F 2 )] = 0.054 H-atom parameters constrained 

w = V[a 2 (F 0 2 ) + (0.0925.P) 2 + 0.5839P] 
wR(F 2 ) = 0.157 7 , 

where P = (F 2 + 2F 2 )B 

5=1.03 (A/a) max = 0.001 

17572 reflections Ap max = 0.46 e A~ 3 

749 parameters Ap m j n = -0.3 1 e A~ 3 

0 restraints Absolute structure: Flack (1983), 7916 Friedel pairs 
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Primary atom site location: structure-invariant direct „ , . . . ,_. 

methods parameter: 0.45 (7) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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